Background: We aim to characterize the workup received by and identify any delays to diagnosis or treatment in patients referred to a tertiary cancer centre with the diagnosis of squamous cell carcinoma in neck node(s) and no identifiable primary (SCCNIP). Methods: Over 1 year, 68 patients were initially referred to the Head and Neck clinic with a label of "primary unknown". After extensive workup, 29 of the 68 patients were found to have pathologically confirmed SCCNIP. For these 29 patients, imaging tests, biopsies, examinations and times to treatment were reviewed and compared to 145 patients referred for known primaries. Results: In 21/29 (72%) patients, ultrasound was ordered prior to biopsy or referral. After referral, the first imaging test used was CT neck in 28 patients and PET/CT in 1 patient. Median time from referral to primary identification (n = 23) or workup completion (n = 6) were 16 (range: 0-48) and 36 (17-82) days respectively. Median time from referral to treatment was 55 (27-90; n = 26) days and was longer than those referred for known primaries (48 days; 20-162; p < 0.001). Across all patients, median time between first diagnostic imaging test and pathologic diagnosis were 20.5 and -8.0 days (p < 0.0001) in patients receiving ultrasound and CT, respectively. Conclusions: In our cohort, delays to management were linked to community use of ultrasound and scheduling of both CT and PET/CT after thorough head and neck examination in patients with SCCNIP.
Background
Head and neck malignancies of unknown primary are unique malignancies in their workup and treatment [1] [2] [3] [4] [5] [6] . These patients often receive unnecessary tests which can delay diagnosis and treatments. There is also additional emotional distress in patients who receive delays in treatment for sequential tests which fail to give additional diagnostic information.
For true unknown primaries, Grau et al. [7] have demonstrated that the addition of bilateral neck irradiation in treatment of these malignancies doubles 5 year control rates. Conversely, in head and neck malignancies with known primaries, bilateral neck irradiation often increases toxicity without increasing disease control. Hence, a diagnosis of "unknown primary" should only be made after an extensive workup [1, 6, 8] .
Initial literature reviews showed no other studies analyzing the delays in treatment resulting from workup performed for head and neck malignancies after referral to a tertiary cancer centre. However, several strategies for workup of unknown primaries have been suggested [2, 3, 5, 9] . Unfortunately, these often included restricted tests or specialized invasive procedures such as tonsillectomy which Randall et al. [10] showed can provide diagnosis for up to 20% of these patients. Also, more recently, both Reglink et al. [11] and Rudmik et al. [12] have shown the utility of FDG-PET (Fluorodeoxyglucose positron emission tomography) imaging in these malignancies.
Hence we seek to characterize the workup received by patients with metastatic squamous cell carcinoma (SCC) to neck nodes and unknown primary at our centre, quantify the delay from referral to treatment as compared to known primary patients and identify any potential delays to diagnosis or treatment caused by use of unnecessary tests either before or after referral.
Methods

Setting
The Tom Baker Cancer Centre (TBCC) is the tertiary cancer centre for southern Alberta, Canada and has a catchment population of approximately two million. Head and neck cancer patient referrals to this centre primarily come from family practitioners. Otolaryngologists, and oromaxillofacial surgeons. The main requirement for referral is a pathologic diagnosis of malignancy. After referral, a multidisciplinary team involving otolaryngologists, radiation oncologists and medical oncologists will review the patient in clinic, perform a complete head and neck exam including nasopharyngoscopy and arrange for any required additional investigations and decide on management recommendations.
Study population
Between January 1 and December 31, 2014, a total of 286 patients were referred to the TBCC multidisciplinary head and neck clinic for consideration of head and neck malignancies. For purposes of this study the 68 patients referred with a diagnosis of "head and neck malignancy of unknown primary" were then retrospectively reviewed by two independent physicians. Patients were then excluded from analysis if they were treated elsewhere (3), refused further workup (2), did not have squamous pathology (3), had a non-head and neck primary (5; 3 skin and 2 lung) or a primary lesion was identified through imaging or clinical examination performed prior to referral (26) . This left 29 patients with pathologically confirmed squamous cell carcinoma diagnosed on cervical lymph node fine needle aspirate (25) or core/excisional biopsy (4) which forms the cohort of our analysis [ Fig. 1 ]. To quantify the delay to treatment resulting from workup of unknown primaries, an additional, subsequent population consisting of the 145 patients referred to TBCC during the same time period and having known head and neck SCC with identifiable primaries at the time of referral was used to perform a comparative analysis.
Ethical considerations and data collection
This study is a retrospective cohort analysis. It was designed for purposes of quality review and patient outcome enhancement. Ethical review was performed by an independent third party reviewer using the institutionally approved method described by Hagen et al. [13] . A prospectively collected database containing all referrals to the Tom Baker Cancer Centre multidisciplinary head and neck cancer treatment team was then used to identify patients with initial diagnosis of unknown primary. Retrospective chart reviews of both the local electronic medical record and the provincial electronic health record which houses results for all diagnostic tests performed in Alberta was then undertaken for these patients (including those ordered by a primary care provider). All subsequent diagnostic investigations, appointment and treatment dates were then collected for each patient. These tests were then assessed and a test was considered to have given a diagnosis when two independent physician reviewers agreed that sufficient evidence to identify the primary malignancy was acquired.
Statistical methods
The primary study cohort was characterized using descriptive statistics. Times from referral to TBCC to diagnosis, then confirmation of diagnosis for each patient were then calculated. Additionally, days to appointment and treatment were calculated. For calculations of delays caused by inappropriate workup, the time from the inappropriate test (eg ultrasound) to pathologic confirmation of disease were calculated. For comparison, time between pathologic diagnosis and the first imaging test was calculated for patients with only appropriate diagnostic workups was calculated. The Shapiro-Wilks test was employed on all calculated time differences for determination of normality. For comparative analysis with the reference group, the Mann-Whitney test was employed to determine significance between medians for times to treatment. Two tailed p-values of <0.05 were then accepted as representing statistical significance. All data was analyzed using the R-programming language version 3.1.1 (www.r-project.org).
Results
Unknown primary cohort
A total of 29 patients had confirmed unknown primary site of malignancy at the time of diagnosis. All 29 underwent CT scan, 23 received PET scans and 19 required EUAs. As shown in Fig. 2 , the first investigation following referral was CT neck in 28 patients and PET/CT in 1 patient. From these investigations, 10 (34%) patients had a primary site of malignancy identified (9 from CT and 1 from PET). Of the remaining 18 patients 2 patients underwent targeted biopsies and were subsequently diagnosed with a salivary gland and a tonsillar primary pathologically; . This is the number of patients for which the primary was identified by the corresponding diagnostic test. PSMC: Primary site of malignancy confirmed. This is the number of patients for which the current test confirmed a previously identified lesion 4 patients were diagnosed on subsequent PET scan; and 7 were diagnosed after examination under anesthetic (EUA). This left six patients (21%) where CT, PET and EUA showed no evidence of a primary site. These patients were given a final diagnosis of 'head and neck carcinoma of unknown primary' and represent 2% of referrals to our multidisciplinary head and neck clinic.
Of the 29 patients, the referring physicians were otolaryngologists (14) , general practitioners (14) and 1 was referred by an oncologic surgeon.
Review of the initial community based workup of these patients revealed that 21 patients (72%) had undergone ultrasound (USS) for consideration of neck mass before being diagnosed with a malignancy. For these, median time from USS to FNA (fine needle aspirate) or core biopsy was 20 days (range: 0-51). Initial pathology was via fine needle aspirate and core biopsy in 25 and four patients respectively.
p16 is a cyclin dependent kinase inhibitor and a surrogate marker for HPV related malignancies [14] . Fourteen patients had p16 status reported initially (4/4 core biopsies, 8/25 FNA). Of these 12 were p16 positive and two were p16 -ve. A further 11 went on to have repeat pathology or review and were p16 positive. In four patients p16 testing was not performed because their original biopsy specimens were inadequate and no further positive biopsies were made.
Median time from referral to TBCC to completion of workup and diagnosis of "Head and neck SCC of unknown primary" was 36 days (range: 17-82; n = 6). Median time from referral to identification of a primary was 16 days (0-48; n = 23). Of the 23 primary sites of malignancies identified, 12 (52.2%), 8 (34.8%) and 2 (8.7%) of these cancers were tonsillar, base of tongue and nasopharyngeal primaries. There was one (4.3%) salivary gland tumor. 9 (39%), 9 (39%), 3 (13%) and 2 (8%) were T1, T2, T4 and TX malignancies. 26 (90%) patients received treatment (1 patient declined and 2 had yet to start before the data were locked). Median time from diagnosis to treatment was 36 (14-84) days. Twenty-five patients (86%) went on to have chemoradiotherapy. Other treatments included 1 (3%) patient having surgery, 1 (3%) with surgery followed by radiotherapy and 1 (3%) with radiotherapy alone.
Comparison
Median number of days between referral to TBCC and treatment was 48 (20-162) vs 55 ; p < 0.001 [ Fig. 3 ] and from appointment to treatment was 34 vs 42 (20-77); p < 0.001 [ Fig. 4 ] for patients with known (145) and unknown primaries (29) at the time of referral respectively.
The largest delays from referral to treatment were noted in the known primary cohort. In explanation of this, 3 patients initially refused treatment resulting in times from referral to treatment of 162, 113 and 76 days. An additional 7 patients in this cohort required additional workup resulting in times from referral to treatment between 67 and 91 days. Use of ultrasound as a first diagnostic imaging investigation again led to a median of a 20.5 [(-53) to (+359); n = 62] day delay to pathologic diagnosis. With patients undergoing CT/MR, pathologic diagnosis was made a median of 8 days before their imaging investigation [-8.0; (-77) to (+202); n = 80; p < 0.0001].
Discussion
We identified several sources of delay in patients referred to a Canadian tertiary cancer centre for head and neck malignancies with unknown primary. Median time to pathologic diagnosis of malignancy was significantly greater (20.5 days vs -8.0) in patients undergoing community requested ultrasound for confirmation of a neck mass when compared to those having only appropriate workup ordered. Additionally, patients referred for unknown primaries undergo many diagnostic tests including PET, CT and EUA after referral which results in a statistically significant increase in time from referral to treatment when compared to patients with identifiable primaries (48 vs 55 days).
All 29 patients went on to have CT scans and 23 had PET scans. In the 3 patients who underwent PET after a diagnosis was made on CT, the PET scan confirmed the diagnosis. There were only 6 patients diagnosed via CT who did not go on to have a PET. Of note, our PET detection rate (35% in those receiving PET) is quite similar to those cited elsewhere [12, [15] [16] [17] . Our results are also similar to Regelink et al. [11] , who analyzed outcomes in 50 patients who received PET, EUA and CT. They identified 16, 12 and 11 primaries respectively. This implies that, in centres where it is readily available and easily accessible, PET scan should be the first test of choice after thorough head and neck examination for these patients. This could lead to reduction in delays to treatment and an additional cost savings from the unnecessary diagnostic CT scans [11, 18] .
Furthermore, 22 patients had EUA examination after referral and 1 out of 2 targeted biopsies was of a site that would normally be sampled during EUA. An additional attempt to reduce time to treatment could be made by scheduling PET scan and EUA at the time of triaging. This is supported by Waltonen et al. [19] , however careful review of the patient chart would be necessary as many patients triaged as malignancy of unknown primary did have a diagnosis. Finally, it has been shown that transoral robotic surgery in diagnostic workup of unknown primaries can improve rates of primary site detection to 80-90% [20, 21] . As this procedure becomes more popular it may be beneficial to schedule this early in the diagnostic workup and perhaps at the time of EUA [22] .
Delays to pathologic diagnosis in this cohort were attributable to ultrasound being utilized as a first investigation after presentation to their primary care provider for a neck mass (median time to pathologic diagnosis of 20.5 days vs -8 days when compared to patients having only appropriate workup). On review of current practice guidelines, ultrasound was not identified as a recommended diagnostic procedure [23] [24] [25] [26] [27] . It is important to acknowledge that the number of community ultrasounds interpreted as benign lymphadenopathy is not addressed in this analysis and remains unknown. However, over the last decade there has been a substantial increase in HPV related oropharyngeal cancers which often present as painless neck lymphadenopathy [28] . Furthermore, the clinical presentation of a persistent, painless neck node should arouse suspicion for malignancy [29] . Hence, ordering an ultrasound guided FNA as the initial diagnostic procedure may be preferred as it could reduce time to diagnosis [30] . Additional measures could include the creation of a specialized clinic for expedited workup and diagnosis of a neck mass.
When interpreting the results of this study it is important to acknowledge that this is a retrospective cohort analysis and inherent bias from unknown confounders is possible. As a single centre study it may not be generalizable to other jurisdictions. For example, PET/CT is not readily available in all centres. Additionally, there were fewer patients than anticipated with head and neck squamous cell carcinomas of unknown primary at the time of referral. Hence, these numbers should be interpreted with caution until larger, multicentre studies are conducted. Finally, this study does not address whether the treatment delays seen in this cohort affected survival outcomes.
Conclusions
We present an analysis of the typical workup and delay in time to treatment experienced by patients with squamous cell cancer in a neck node without an identifiable primary. One major source of delay was community delays to diagnosis caused by use of ultrasound. This can be avoided in the future though enhanced primary care education, updating primary care guidelines to specifically address ultrasound as an inappropriate test and suggest ultrasound guided biopsy or introduction of expedited care pathways or creation of dedicated clinics to assist primary care practitioners with assessment. A second source of delay was the waitlist for CT scans. As a large majority of these patients ultimately received PET scans, perhaps if patients referred with biopsy proven malignancy in neck nodes could proceed to expedited PET/CTs, this could shorten delays to diagnosis and treatment but would require additional resources for cancer centres. 
